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13-substituent in an axial configuration. Thus

pimaricacid is V and isopimaric acid VI.#

Y

Co,H

Vi

The thus-derived C-13 stereochemistry of the
pimaric acids implies that the biosynthesis of ring
C takes place in a non-specific manner. Hence, the
stereochemistry of tetracarbocyclic diterpenoids,
phyllocladene, the aconite alkaloids, etc., cannot
be predicted with safety on biogenetic grounds.®

(8) The present chemical data corroborate the structural conclusions
from surface tension measurements of the pimaric acids [H. H. Brunn,
Acta Acad. Aboensis, Math. et Phys., 19, (3), 7 (1954)]. The authors
are most grateful to Mr. L. J. Gough for first drawing their attention
to this work.

(9) The authors express their gratitude to Drs, Lawrence and Le-
van-Thoi and Professor Jeger for gifts of the resin acids and to the
Institute for Atomic Research, Ames, Towa, for the use of a Baird
infrared spectrophotometer.
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ACETYLENIC #-COMPLEXES OF CHROMIUM IN
ORGANIC SYNTHESIS!
Sty

The concept of the w-complexed intermediate
originating from the interaction of sufficiently acti-
vated w-electron systems, exemplified previously
by aromatic Grignard compounds,? with chromium
has led to the examination of other r-electron sys-
tems and of the prospects of isolating intermediates
and final products arising from their reaction with
the transition metals. Evidence of the ability of
chromium to complex acetylenes and of the fusion
of these complexes to aromatic structures has been
obtained.® The description by Sternberg, Markby
and Wender* of the use of iron pentacarbonyl in
preparing duroquinone constitutes another example
of this phenomenon. We now wish to report a
specific one-step synthesis of hexamethylbenzene
and 1,2,3,4-tetramethylnaphthalene from 2-butyne
via a w-complex synthesis on chromium as a pro-
totype of a general synthesis of aromatic molecules
from acetylenes.

Triphenylchromium tri-tetrahydrofuranate! un-
dergoes heterogeneous reaction smoothly with
2-butyne at 20° within a period of several minutes.

(1) Paper Vof "=z-Complexes of the Transition Metals’’; Paper IV,

W. Herwig and H. H. Zeiss, THIS JOURNAL, 79, 6561 (1957).

(2) H. H. Zeiss and W. Herwig, THis JOURNAL, T8, 5959 (1956);
Ann., 606, 209 (1957).

(3) H. H. Zeiss, ""Handbook, XVIth International Congress of Pure
and Applied Chemistry,” July, 1957, Paris, p. 134,

(4) H. W. Sternberg, R. Markby and I. Wender, THi$ JOURNAL,
80, 1009 (1958).
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Hydrolysis and ether extraction of the mixture are
employed to obtain a mixed crystalline product
which may be separated by fractional crystalliza-
tion of the picrates. Under heterogeneous con-
ditions about equal amounts of hexamethylbenzene,
whose identity was confirmed by mixed m.p. and
ultraviolet-infrared spectral comparisons with au-
thentic substance, and 1,2,3,4-tetramethylnaph-
thalene, m.p. 107-108.5°, picrate m.p. 183.5-184.5°
[Anal. Caled.: C, 91.25; H, 8.75; and C, 58.11;
H, 4.63; N, 10.17, respectively. Found: 91.45;
H, 8.59; and C, 58.13; H, 4.34; N, 10.55], hither-
tofore available by a five-step synthesis from preh-
nitene,® are formed.

The condensation of 2-butyne on chromium may
also be carried out homogeneously in tetrahydro-
furan solution and in this case product control has
been found to be possible. For example, if the
temperature of the solution is maintained at 0° for
3 days or at room temperature for 3 hours, the sole
aromatic product is the naphthalene derivative;
and if the solution is maintained at room tempera-
ture for 24 hours or heated to reflux for 2 hours,
hexamethylbenzene is produced admixed with the
naphthalene. However, the formation of the
tetramethylnaphthalene in this reaction may be
suppressed entirely by the use of triethylchromium
in tetrahydrofuran solution with 2-butyne, and in
this case the only aromatic product is hexamethyl-
benzene.

The product, hexamethylbenzene, arising from
the reaction between triphenyl- or triethylchro-
mium and 2-butyne clearly requires the intervention
of a r-complexed intermediate such as R;Cr(CH,C-
=CCHj,);, this being formed by replacement df the
coordinating tetrahydrofuran molecules in R;Cr-
(THF); by 2-butyne, since this acetylene is un-
affected either by chromic trichloride (or its tetra-
hydrofuranate) or by phenylmagnesium bromide.
The participation of the phenyl groups of triphenyl-
chromium in this condensation reaction leading to
the naphthalene by interaction of phenyl with two
molecules of 2-butyne in the w-complex and con-
sequent ortho ring closure opens the way for the
synthesis of various condensed aromatic ring sys-
tems by an appropriate choice of triarylchromium
and acetylene. These reactions will be reported
later in detail.

(5) M. C. Kloetzel, R. P, Dayton and H. L. Herzog, ¢bid., 78, 273
(1950). TUltraviolet and infrared spectral comparisons confirmed the
identity of the two samples.
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PHOTOCHEMICAL REACTIONS OF KETONES IN
o SOLUTION
w:

The mechanism of photolysis of ketones has been
a subject of current interest,!~® and we wish to

(1) W. Davis, Jr., and W. A. Novyes, Jr., THIS JOURNAL, 69, 2133
(1947).

(2} A.J.C. Nicholson, Trans. Faraday Soc., 80, 1067 (1954).

(3) T. W. Martin and J. N. Pitts, THis JourNat, 77, 5465 (1955).

(4) P. P. Manning, ¢b:d., 79, 5151 (1957).

(5) J. R. McNesby and A. S, Gordon, 7bid., 80, 261 (1958).

(6} P. Ausloos, Can. J, Chem., 836, 400 (1958).
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report our results on the light induced reactions of
simple aliphatic ketones in saturated hydrocarbon
solvents.” Ketones having no v-hydrogen were
found to give the corresponding alcohol and the
addition product with the saturated hydrocarbon.
Ketones with y-hydrogens were found to give ace-
tone, an olefin and a cyclobutanol derivative.
These reactions demonstrate new types of photo-
chemical reactions markedly different from those
previously observed in gas phase. The formation
of cyclobutanols indicates a simple, readily acces-
sible synthetic route to a group of compounds
otherwise difficult to prepare.

When a mixture of acetone and cyclohexane
(1:8) was irradiated in a quartz immersion irra-
diator,8%1% 3 small amount of methane and carbon
monoxide was obtained. The products isolated by
fractional distillation and gas chromatography were
2-propanol (539%,), pinacol (15%,), acetonylacetone
(89), and cyclohexyldimethylcarbinol (I, 129).11.12
The recovered cyclohexane showed slight unsatura-
tion. Cyclohexylcyclohexene and hydrocarbon
polymers also were obtained.

CH,COCH, + hy
cl)H $H,
CH,CHCH, + ©—$—OH 4 other products
CH,

ey

Under similar condition, irradiation of 2-pen-
tanone (IIa) in cyclohexane gave acetone, ethylene
and l-methylcyclobutanol (IIIa, 129%,); phenyl-
urethane of IIla, m.p. 141° (Found: C, 70.14;
H, 7.58; N, 6,84), identical with that of an authen-

(7) For a review on photochemical reactions, see C. R. Masson,
V. Boekelheide and W. A. Noyes, Jr.. ““Technique of Organic Chemis-
try,”” Vol. II, Interscience Publishers, New York, N, Y., 1956, p. 257.

(8) M. S. Kharasch and H, N, Friedlander, J. Org. Chem., 14, 245
(1949).

(9) Seeref. 7, p. 274.

(10) All reactions were carried out at 10-15° and the percentage
conversions of the ketones ranged from 25 to 30%.

(11) P, Sabatier and A. Mailhe, Ann, chim., [8] 10, 539 (1907).

(12) E. J. Bowen and A. T. Horton, J. Chem. Soc., 1685 (1936).
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tic sample.’> Compound (IITa) and the authentic
sample also exhibit identical infrared spectra and
retention time in gas chromatography.

Irradiation of 2-octanone (IIb) in isodctane gave,
in addition to equimolar quantities of acetone and
1-pentene (679%,), a saturated cyclic tertiary alcohol
(I1Ib, 179,) isomeric with 2-octanone, b.p. 67-68°
(9 mm.), n¥ 1.4420 (Found: C, 75.00; 12.90);
phenylurethane, m.p. 78° (Found: C, 72.75;
H, 8.55; N, 5.72). The n.m.r. spectrum of IIIb
indicates that it is 1-methyl-2-propylcyclobutanol.!
Gas chromatography and infrared spectral analysis
showed that the 1l-pentene obtained was not con-
taminated by other isomers. Similarly, irradiation
of 2-nonanone (Ilc) in isodctane yielded acetone
(609%,), 1-hexene (60%,) and 1-methyl-2-butyl-
cyclobutanol (IIlc, 109,), b.p. 49-50° (0.8 mm.),
7®p 1.4441 (Found: C, 76.21; H, 13.05); phenyl-
urethane, m.p. 91° (Found: C, 73.42; H, 9.06;
N, 5.73).

An intramolecular mechanism is formulated for
the formation of cyclobutanols.

R
/
0 CH hy
y: | —
CH, CH,
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CH,
IIa, R = H
b, R = CHy
c, R = C4H9
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CH,—CH,
CH,
IIIa, R = H
» = C;H,
¢, R = CH,

(13) Prepared from the reaction of cyclobutanone and methyl-
magnesium bromide,

(14) The authors wish to thank Dr. G. V. D, Tiers of Minnesota
Mining and Manufacturing Company for the interpretation of the
n.m.r, spectra,
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Experimental Crystal Physics. By W. A. WooSsTER, De-
partment of Mineralogy and Petrology, Cambridge.
Oxford University Press, 114 Fifth Avenue, New York
él,glal Y. 1957, viii 4 115 pp. 14.5 X 22 cm. Price,

2.90.

This book is based on a course in experimental crystal
physics given at Cambridge. The topics covered are the
optical, magnetic, thermal, plastic, piezoelectric, pyro-
electric and elastic properties of crystals. The experiments
described are ‘‘only those . . . which can be carried out in
about two hours.”” For this reason the experiments are of
necessity either qualitative or semiquantitative and deal
only with the less complicated aspects of crystal physics.
This is as it should be in a beginning course, although the

reviewer feels that a few four or six hour experiments should
be (and probably are) thrown in among those described in
the text. The course is excellent and should be emulated by
all schools of crystallographers, crystal chemists and crystal
physicists.

In reading the book, a certain amount of imagination is
required in the reconstruction of the course. A piece of
apparatus is described in terms of schematic diagrams which
would be invaluable to the student faced with it in the labo-
ratory but which would be of little help to one trying to build
it. Circuit diagrams are also somewhat vague, giving
resistances, capacitances and impedances, but often failing
to mention voltages and occasionally giving nothing more
than V; or V; to tell one what tubes should be included in &
circuit.



